Modulation of slow waves in response to transmural nerve stimulation (TNS) was investigated in smooth muscle preparations isolated from the corpus of the guinea-pig stomach. Single TNS evoked an inhibitory junction potential (i.j.p.) and enhanced the amplitude of the following slow wave. Effects of atropine, N ω -nitro-L-arginine (L-NA) and apamin revealed that corpus smooth muscle was innervated by cholinergic excitatory, nitrergic inhibitory and apamin-sensitive inhibitory nerves. In preparations isolated from the upper corpus which generated slow waves of 5-15 mV amplitude, a 1 min train of TNS (0.5 or 1 Hz frequency) increased the amplitude, with further enhancement by L-NA, but inhibition by atropine. In the lower corpus, larger amplitude (20-30 mV) slow waves were generated but these were not altered by a TNS train. However, application of L-NA and neostigmine, or often L-NA alone, resulted in increased frequency and decreased amplitude of slow waves during TNS, with an associated depolarization of the membrane. These changes were inhibited by atropine. In the presence of atropine, TNS reduced slow wave amplitude in an L-NA-sensitive manner. Acetylcholine (ACh) at 1 nM increased the amplitude of slow waves in the upper corpus. In the lower corpus, while low concentrations of ACh (<10 nM) did not increase the frequency and decrease the amplitude of slow waves with an associated depolarization of the membrane, this occurred at high concentrations of ACh (>10 nM). Application of the NO donor, sodium nitroprusside (SNP, 10 nM-1 µM), reduced the amplitude of slow waves. The changes in amplitude of slow waves elicited by ACh or SNP were not associated with a significant change in frequency. These results indicate that in the corpus circular smooth muscle, neural modulation of slow waves appeared to be exerted mainly on the amplitude, but not on the frequency.
Introduction
In isolated gastric smooth muscle from several laboratory animal species, excitation of Correspondence to: Hikaru Suzuki, Ph.D., Department of Physiology, Nagoya City University Medical School, Mizuho-ku, Nagoya 467-8601, Japan Phone: +81-52-853-8129 Fax: +81-52-842-1538 e-mail: hisuzuki@med.nagoya-cu.ac.jp intramural nerves by transmurally applied electrical field stimulation (i.e., transmural nerve stimulation, TNS) elicits excitatory or inhibitory junction potentials (e.j.p. or i.j.p., respectively) in smooth muscle cells (Hoyle and Burnstock, 1989; Kuriyama et al., 1998) . The distribution of junction potentials in the stomach wall is heterogeneous, and in the guinea-pig TNS evokes e.j.p.s in preparations from the fundus and i.j.p.s in those from the corpus, antrum and pyloric regions (Komori and Suzuki, 1986) . A biphasic potential, i.e. an initial e.j.p. with a following i.j.p., is often evoked in preparations isolated from the border between the corpus and fundus regions of the stomach (Komori and Suzuki, 1986; Ohno et al., 1996) . The e.j.p.s are cholinergic in nature, as after inhibition of the e.j.p. with atropine, transmural nerve stimulation (TNS) evokes an i.j.p. in preparations isolated from any region of the stomach (Komori and Suzuki, 1986) . The i.j.p. consists of two components, with a fast i.j.p. and a following slow i.j.p., with the fast i.j.p.s being inhibited by apamin in the guinea-pig (Shuba and Vladimirova, 1980; Komori and Suzuki, 1986) or reduced to up to half their amplitude in the rat and mouse (Mashimo et al., 1996) . A possible involvement of ATP in the generation of fast i.j.p.s has been suggested in several intestinal tissues, since both the i.j.p. and hyperpolarization responses produced by ATP are inhibited by apamin (Rae and Muir, 1996; De Luca et al., 1999; Xue et al., 1999; Zizzo et al., 2007; McDonell et al., 2008) . However, this is controversial in the guinea-pig stomach, where suramin, an inhibitor of ATP-receptors (Dunn and Blakeley, 1988) , blocks i.j.p.s (Ohno et al., 1993; Xue et al., 1998) , but not the ATP-induced hyperpolarization (Ohno et al., 1996) . The slow i.j.p.s are inhibited by N ω -nitro-L-arginine (L-NA), suggesting an involvement of nitric oxide (NO) production during TNS (Dalziel et al., 1991; Lyster et al., 1992; Keef et al., 1993) . Thus, a possible involvement of nerves which release ACh, NO and apamin-sensitive unidentified inhibitory transmitter substance has been considered in the motor innervation of gastric smooth muscle. Gastric smooth muscle generates slow waves spontaneously (Tomita, 1981) , and such activity may originate from interstitial cells of Cajal (ICC) distributed in the gastric wall (Sanders, 1996; Huizinga et al., 1997; Sanders et al., 1999) . In the guinea-pig stomach, there are two types of ICC distributed in the wall: ICC-MY distributed in the myenteric layer and ICC-IM distributed within smooth muscle bundles (Burns et al., 1995) . ICC-MY have gap junctional connections with surrounding ICC-MY, ICC-IM and smooth muscle cells (Komuro et al., 1999) . The pacemaker potentials generated in the ICC-MY propagate to surrounding cells in an electrotonic manner and produce follower potentials in longitudinal smooth muscle and the 1st component of slow waves in circular smooth muscle (Dickens et al., 1999; Hirst and Ward, 2003; . However, in circular muscle bundles isolated from the antrum of guinea-pig stomach, unitary potentials and slow regenerative potentials were also produced spontaneously, even in the absence of ICC-MY . The frequency analysis of the slow regenerative potentials suggests that these potentials are formed by a summation of unitary potentials generated instantaneously in ICC-IM (Edwards et al., 1999; Dickens et al., 2001) . Thus, these data indicate that there are two types of ICC which are capable of producing spontaneous activity in the stomach, both ICC-MY distributed in the myenteric layer and ICC-IM distributed in smooth muscle bundles.
In W/W V mice which lack a distribution of ICC-IM in the stomach as a result of spontaneous mutation, TNS evokes only a fast i.j.p which is significantly small in amplitude compared to the wild mice. Both the atropine-sensitive and L-NA-sensitive components are absent in these mutant mice (Ward et al., 2000) . This was also the case in mice in which the functioning of ICC was impaired due to the lack of expression of inositol-1,4,5-trisphosphate (IP3) receptors in genetic mutants (Suzuki, 2000; Suzuki et al., 2000) . Based on these observations, Ward and Sanders (2001) proposed that ICC-IM have a role in the transmission of neural signals to smooth muscle cells, i.e., myenteric nerves have synaptic contact first with ICC-IM, and electrical signals evoked in ICC-IM in response to transmitter substances are conducted to smooth muscle cells in an electrotonic manner through gap junctions. If this is the case, the electrical activity of ICC-IM could be modulated by the excitation of myenteric nerves. The corpus region of the guinea-pig stomach which only has a distribution of ICC-IM, with no distribution of ICC-MY, produces slow waves at the highest rate in the stomach (Hashitani et al., 2005) . Therefore, it is reasonable to consider that the slow waves generated in the corpus region are under the regulation of myenteric nerves. Attempts were made to investigate the modulation of slow waves in response to TNS in smooth muscle tissue isolated from the corpus region of the guinea-pig stomach. Experiments were carried out in which TNS was applied for a period of time (1-2 min) and the changes in amplitude and frequency of the slow waves elicited during TNS measured. The results indicated that there were three types of nerves distributed in the corpus region; excitatory cholinergic nerves which increased the amplitude of slow waves, inhibitory nitrergic nerves which decreased the amplitude of slow waves, and apamin-sensitive inhibitory nerves which did not produce significant change in slow waves. An important finding was that excitation of these nerves could modulate only the amplitude of slow waves, but not their frequency.
Materials and Methods

Preparations
Male albino guinea-pigs, weighing 200-300 g, were anesthetized with fluoromethyl 2,2,2-trifluoro-1-(trifluoromethyl) ethyl ether (sevoflurane, Maruishi Pharm., Osaka, Japan), and exsanguinated by decapitation. All animals were treated ethically according to the guiding principles for the care and use of experimental animals in the field of physiological sciences as approved by The Experimental Animal Committee of the Nagoya City University Medical School. The stomach was excised, and a segment of tissue (5 × 5 mm) was dissected from the corpus region, along the greater curvature, and kept in Krebs solution. After removing the mucosal layers by cutting with fine scissors, single circular muscle bundles with attached longitudinal muscle layer were prepared. Segments 250-300 µm long were isolated and pinned onto the silicone rubber plate, with the mucosal side uppermost. The segments were superfused with oxygenated Krebs solution (warmed to 36.5°C), at a constant flow rate of about 2 ml/min.
The muscle segment was placed between a pair of platinum wires (diameter, 0.3 mm) and a brief electrical current stimulus (0.05-0.1 ms duration, 10-20 V intensity) applied to the muscle through the wires. The stimulus evoked either a hyperpolarizing or a depolarizing response with a 0.5-1 s duration in the smooth muscle cells, which were abolished reversibly by tetrodotoxin (TTX, 0.3 µM), suggesting that the potentials were junction potentials evoked as a result of excitation of intramural nerves.
Conventional microelectrode techniques were used to record the electrical activity of smooth muscle cells, using glass capillary microelectrodes (capillary outer diameter, 1.2 mm, inner diameter 0.6 mm; Hilgenberg, Germany) filled with 0.5 M KCl. The tip resistance of the electrodes ranged between 150 and 300 MΩ. Electrical responses recorded through a high input impedance amplifier (Axoclamp-2B, Axon Instruments, Inc., Foster City, California, U.S.A.) were displayed on a cathode-ray oscilloscope (SS-7602, Iwatsu, Osaka, Japan) and were also stored on a personal computer for later analysis. As no significant change in the general properties of slow waves had been reported in the presence of several types of Ca-antagonists (Tomita, 1981; Dickens et al., 1999) , all experiments were carried out in the presence of 10 -6 M nifedipine, which also minimized the movement of the muscle. The ionic composition of the Krebs solution was as follows (mM) containing 5% CO2, with the pH maintained at 7.2-7.3.
Chemicals used were acetylcholine chloride (ACh), atropine sulphate, neostigmine
(TTX) (all purchased from Sigma-Aldrich Chemicals, St. Louis, MI, USA), and apamin (Peptide Institute, Osaka, Japan). All chemicals, except nifedipine, were dissolved with distilled water at concentrations which were 1,000 times higher than those used in the experiments. Nifedipine was dissolved first in dimethyl sulphoxide (DMSO) at a concentration of 10 mM. All chemicals were further diluted with Krebs solution to prepare desired concentrations, just before use.
Experimental values were expressed as the mean value ± standard deviation (S.D.). Statistical significance was tested using the Student's t-test (two-tailed), and probabilities of less than 5% (P<0.05) were considered to be significant.
Results
Properties of junction potentials evoked in corpus smooth muscle cells
Corpus smooth muscle cells generated slow waves rhythmically, at a frequency of between 3.5-6.1 times min -1 (mean, 4.6 ± 0.4 times min -1 , n=35) with an amplitude ranging between 10.8 and 32.3 mV (mean, 28.5 ± 5.3 mV, n=35). This confirmed the previous observations (Hashitani et al., 2005; Hirst et al., 2008; Domae et al., 2008) . The previous study indicated that these high frequency slow waves are not causally related to the type of ICC distributed in the corpus region, as assessed by the effects of 1-2 mM caffeine (Domae et al., 2008) . In the present experiments, the slow waves were abolished by 1 mM caffeine (i.e. tissue preparations which had a distribution of ICC-IM alone). In these smooth muscle preparations, the resting membrane potential, defined as the most negative level between slow waves, ranged between -50 and -62 mV (mean, -57.5 ± 3.7 mV, n=35). Application of a single TNS to the circular smooth muscle of the corpus, in the interval between slow waves, evoked an i.j.p. with 0.5-0.7 s in duration and 1-7 mV in amplitude, again confirming the previous report (Komori and Suzuki, 1986 ). The amplitude of the i.j.p. became larger with higher stimulus frequencies (10-50 Hz), and reached a stable value of 12-20 mV at 3-5 pulses (data not shown).
Experiments were carried out to examine the effects of atropine (1 µM), L-NA (10 µM) and apamin (0.1 µM) on junction potentials evoked by TNS in segments isolated from the upper and lower regions of the corpus. In preparations isolated from the upper region of the corpus, slow waves were generated with an amplitude ranging between 5 mV and 15 mV (mean, 8.8 ± 3.8 mV, n=15) with a frequency of 5.6 ± 2.8 times min -1 (n=15).
The application of a single TNS in the interval between slow waves evoked an i.j.p. and resulted in an increased amplitude of subsequently generated slow wave (Fig. 1A) . In the presence of L-NA, the amplitude of the i.j.p. was decreased and that of the following slow wave was increased (Fig. 1B) . Additional application of atropine increased the amplitude of the i.j.p.
and inhibited the increase in amplitude of the following slow wave. Thus, in the presence of both L-NA and atropine, TNS evoked an i.j.p., with no alteration in the amplitude of the following slow wave (Fig. 1C ). In the presence of both L-NA and atropine, additional application of apamin resulted in an abolished i.j.p. with no marked change in the following slow wave (Fig. 1D ). The (E) and amplitude of slow waves generated after TNS as relative to those generated before TNS (F) are shown by the mean ± S.D. (n=3-6). A-D were recorded from the same cell. In E, * indicates that the amplitude of i.j.p. is significantly different from Control (P<0.05). In F, * indicates that the amplitude of slow wave generated after TNS is significantly larger than that generated before TNS (P<0.05). Nifedipine 1 µM was present throughout.
summarized data indicated that the reduction of the i.j.p. amplitude by L-NA was associated with an increase in the amplitude of the subsequent slow waves generated after TNS (Fig. 1 , E and F). In separate experiments, application of atropine, before applying L-NA, increased the amplitude of the i.j.p. and inhibited the augmentation of the response of the following slow wave (data not shown).
Smooth muscle segments isolated from the lower corpus also generated slow waves periodically, but with an amplitude of between 15-31 mV (mean, 28.1 ± 3.3 mV, n=20, P<0.05) these were larger than those in the upper corpus, even though their frequency which ranged between 3-5 times min -1 (mean, 4.2 ± 2.3 min -1 , n=20, P<0.05) was similar to that in the upper corpus. Application of a single TNS evoked an i.j.p., which was not followed by a slow wave with an enhanced amplitude. The i.j.p.s were increased in amplitude by L-NA and abolished by apamin, as they were the case of the smooth muscle isolated from the upper corpus (data not shown). These results indicated that corpus smooth muscle has a distribution of cholinergic excitatory, nitrergic inhibitory and apamin-sensitive inhibitory nerves, as reported previously (Komori and Suzuki, 1986; .
Modulation of slow waves by cholinergic nerve excitation
Experiments were carried out to examine the effects of cholinergic nerve excitation on slow waves in corpus smooth muscle. The changes in amplitude and frequency of slow waves generated during TNS were studied by applying a train of TNS for a period of time (1-2 min) at a constant frequency (0.5-1 Hz). Comparison was also made between the changes in slow waves elicited by TNS and those generated during stimulation with exogenously applied acetylcholine (ACh). A typical example of the effects of TNS and exogenously applied ACh on slow waves generated in segments isolated from the upper corpus is shown in Fig. 2 . In this preparation, application of a train of TNS for 1 min at 0.5 Hz frequency evoked an i.j.p. in response to each stimulus, and irregularly increased the amplitude of slow waves generated during TNS, with no marked change in the frequency (Fig. 2, A and E) . Application of 10 µM L-NA increased the amplitude of spontaneously generated slow waves by about 50%, and also that of slow waves during TNS, with depolarization of the membrane by about 5 mV (Fig. 2B) . In the absence of L-NA, the amplitude of membrane depolarization produced by TNS was 0.5 ± 0.3 mV (n=5), but this increased to 4.5 ± 2.1 mV (n=5; P<0.05) in the presence of L-NA. In this preparation, application of 1 nM ACh increased the amplitude of slow waves, with no marked change in either the resting membrane potential or the frequency of slow waves (Fig. 2C) . The increasing responses of slow wave amplitude by TNS and ACh were abolished by 1 µM atropine (data not shown), suggesting that they were mediated through activation of muscarinic receptors. Changes in amplitude (Fig. 2D) and frequency (Fig. 2E ) of slow waves were compared between TNS and ACh, and the results indicated that the increase in amplitude of slow waves by TNS was comparable to that produced by 1 nM ACh. The results also indicated that these effects produced by cholinergic stimulation were not associated with change in frequency of slow waves, except in the presence of L-NA in which TNS significantly increased the frequency, with associated depolarization of the membrane.
A typical example of the effects of TNS on slow waves recorded from segments isolated from the lower corpus is shown in Fig. 3 . The preparation shown in Fig. 3 generated slow waves of about 20 mV in amplitude at a frequency of about 4.5 times/min (Fig. 4) . Application of a train of TNS for 1 min at 1 Hz frequency evoked i.j.p.s, but with no marked change in the slow waves (Figs. 3A and 4) . Similar responses were again produced by TNS in the presence of 10 µM L-NA (Figs. 3B and 4) . In the presence of both L-NA and 50 nM neostigmine, TNS depolarized the membrane by 9.8 ± 2.5 mV (n=10), and decreased the amplitude and increased the frequency of slow waves (Figs. 3C and 4) . The effects of neostigmine on slow waves were abolished by additional application of 1 µM atropine (Figs. 3D and 4) . These results indicated that in preparations isolated from the lower corpus, which usually generated slow waves with larger amplitude, excitation of cholinergic nerves did not modulate the amplitude and frequency of the slow waves, in the absence of membrane depolarization. Cholinergic nerve excitation increased the frequency of slow waves only when it was associated with depolarization of the membrane.
Attempts were made to examine the effects of exogenously applied ACh on slow waves in preparations isolated from the lower corpus region. The effects of ACh were examined on slow waves with an amplitude of 20-30 mV, and the results summarized in Fig. 5 . Low concentrations of ACh (1-10 nM) did not alter either the resting membrane potential or both the amplitude and 
Modulation of slow waves by excitation of inhibitory nerves
Experiments were carried out to investigate the effects of excitation of inhibitory nerves on slow waves in corpus smooth muscle cells. In the smooth muscle cells shown in Fig. 6 , application of a train of TNS for 1 min at a frequency of 0.5 Hz did not produce significant change in either the amplitude or frequency of the slow waves, in spite of the generation of an i.j.p. in response to each stimulus (Fig. 6A) . However, in the presence of 1 µM atropine, TNS reduced the amplitude of slow waves (Fig. 6B) . Additional application of 10 µM L-NA abolished the inhibitory effect of TNS on slow waves, but still allowed the successive generation of an i.j.p. in response to each stimulus (Fig. 6C) . The i.j.p.s were strongly inhibited by 0.1 µM apamin, with no significant change in either the amplitude or frequency of the slow waves (Fig. 6D) .
The effects of cumulative application of atropine, L-NA and apamin on both the amplitude ( obtained when TNS with 1 Hs frequency was applied (data not shown).
The effects of SNP, an NO donor, on slow waves were examined in lower corpus smooth muscle preparations, with the results summarized in Fig. 7 . SNP (>0.1 µM) reduced the amplitude of these slow waves in a concentration-dependent manner, but again the frequency was not altered (Fig. 7 , B and C). Higher concentrations of SNP (>1 µM) resulted in the abolition of the slow waves, but in a reversible manner (data not shown). The resting membrane potential was not significantly altered by these concentrations of SNP (data not shown). These results indicate that the NO-induced inhibition only affects the amplitude but not the frequency of slow waves in corpus smooth muscle cells.
Discussion
In gastrointestinal smooth muscle, the main motor innervation is via cholinergic excitatory, nitrergic inhibitory and apamin-sensitive inhibitory nerves (Hoyle and Burnstock, 1989; Kuriyama et al., 1998; Hata et al., 2000) . The present experiments have shown that this is also the case in the corpus of the guinea-pig stomach. The experimental methods used in the present experiments allowed the excitation of all of these nerves almost simultaneously in response to a single TNS, and therefore their three different types of transmitter substance may be being released almost instantaneously. The results indicate that a single TNS applied to corpus smooth muscle preparations evoked an i.j.p. and then increased the amplitude of the following slow wave. The i.j.p. was inhibited by apamin while the enhanced slow wave was inhibited by atropine, suggesting that the corpus smooth muscle received an apamin-sensitive inhibitory innervation as well as an atropine-sensitive cholinergic innervation. In middle and lower regions of the guinea-pig stomach, the excitation of cholinergic nerves does not produce visible junction potentials, mainly due to the high threshold of the muscarinic receptors involved in the depolarization of the membrane. This is in comparison to the upper region of the stomach where ACh released from cholinergic nerves depolarizes the membrane to form the e.j.p. (Komori and Suzuki, 1986) . Therefore, it was considered that in the corpus region, the concentration of ACh released from cholinergic nerves may be much lower than the threshold required for depolarization of the postjunctional membrane. The effects of L-NA (a decrease in amplitude of i.j.p. and enhanced amplitude of the following slow wave) suggested that nitrergic nerves have an inhibitory function on slow waves in the corpus smooth muscle. In the fundus region of the guinea-pig stomach, TNS produces an hyperpolarizing junction potential with both a very slow time course and a long duration (3-5 s) (Ohno et al., 1996) . A similar hyperpolarization with a long duration was also evoked by TNS in antral smooth muscle segments of both the mouse (Suzuki et al., 2003) and guinea-pig (Teramoto and Hirst, 2003) , due to a sustained inhibition by NO of the unitary potentials generated in ICC-IM. However, in atropinized corpus muscle segments, the form of the i.j.p.'s was not markedly modulated by L-NA, suggesting that the NO released could not produce a visible change in the postjunctional membrane potential.
The present experiments were designed to observe the effects of TNS application for an extended period of time (1-2 min) at low frequencies (0.5-1 Hz) on slow waves generated in the corpus smooth muscle of the guinea-pig. It was expected that this type of stimulation would elevate the concentration of transmitter substances to a certain level for a period of time, and that this would modulate the activity of the pacemaker cells. Smooth muscle tissue of this region has a distribution of only ICC-IM. These are considered to receive neural signals directly before transfer to smooth muscle cells through gap junctions (Ward and Sanders, 2001 ). Thus, it was expected that sustained application of TNS may change the activity of smooth muscle cells indirectly by modulating the activity of ICC-IM with the released transmitter substances.
In fact, application of a single TNS to excite cholinergic nerves facilitates the generation of slow waves (Beckett et al., 2003) and increases their amplitude (Komori and Suzuki, 1988) . This was also the case in circular muscle isolated from the antrum of guinea-pig stomach, where TNS evoked an i.j.p. and then generated slow potentials earlier than the expected time, due to the inhibition of the refractory period for the generation of the potential (Lee et al., 2004) . However, the results indicated that at least in the experimental conditions applied here, the excitation of cholinergic or nitrergic nerves could modulate only the amplitude of slow waves, without alteration of their frequency. The effects of nerve excitation on slow waves differed between the various regions of the stomach, with excitation of cholinergic nerves increasing the amplitude of slow waves in the upper region of the corpus, but with no significant change in the lower corpus. However, these results do not mean that there is an absence of neuronal modulation of slow waves in the lower corpus smooth muscle, but rather that it was due to the fact that the peak of the large slow waves reached the equilibrium potential for Cl -, which was the main contributor in the production of slow potentials (Hirst et al., 2002) . In fact, TNS increased the frequency of slow waves in the presence of L-NA and neostigmine, inhibitors of NO synthesis and acetylcholine esterase activity, respectively. In the presence of L-NA and neostigmine, or often in the presence of L-NA alone, the modulation of slow waves by TNS was always associated with depolarization of the membrane. Slow waves are sensitive to the membrane potential, and depolarization increases the frequency and decreases the amplitude of slow waves in gastric muscles (Nose et al., 2000; Suzuki et al., 2006; Hirst et al., 2008; Domae et al., 2008) . As the excitatory responses appeared only when NO production and acetylcholine esterase activity had been inhibited, it was considered that the density of cholinergic nerve distribution is low in the lower corpus. Alternatively, the corpus smooth muscle receives a dense cholinergic innervation, and has an extremely high acetylcholine esterase activity which causes the absence of significant modulation of slow waves during cholinergic nerve excitation. However, this is unlikely, since atropine does not significantly alter the frequency and amplitude of slow waves, either in the absence or presence L-NA.
The i.j.p.s evoked in gastric smooth muscle have a first component which develops fast and reaches to the peak amplitude with 0.7-0.8 s, which is followed by a second component which develops slowly and is maintained for 5-10 s (Ohno et al., 1996; Suzuki et al., 2003; Teramoto and Hirst, 2003) . The slow i.j.p. is sensitive to L-NA and is absent in mice which lack ICC-IM, while the fast i.j.p. is sensitive to apamin and remains evoked in response to TNS in the absence of functional ICC-IM (Ward et al., 2000; Suzuki et al., 2003) . Moreover, noise analysis indicates that the generation of unitary potentials is inhibited during the period of the slow i.j.p. (Suzuki et al., 2003; Teramoto and Hirst, 2003) . These observations suggest that the L-NA sensitive slow i.j.p. is produced by the inhibition of unitary potential generation in ICC-IM, with the contribution of the hyperpolarization produced by activation of a set of K-channels not being significant (Suzuki et al., 2003; Teramoto and Hirst, 2003) . TNS applied in the presence of atropine reduced only the amplitude, but not the frequency, of slow waves, and both of these were simulated by exogenously applied SNP. In gastric smooth muscle, SNP has dual inhibitory actions, with prejunctional inhibition of cholinergic transmission and postjunctional inhibition of smooth muscle contraction (Yoneda and Suzuki, 2001 ). Thus, NO has inhibitory actions on cholinergic transmission and also on both the activity of smooth muscle cells and ICC-IM. The present experiments have indicated that the nitrergic stimulation of corpus smooth muscle inhibited the activity of slow waves by reducing mainly the amplitude. These results agreed with the observations made on slow waves generated in the antrum smooth muscle of the guinea-pig during stimulation of the vagal nerves (Dickens et al., 2000) .
Compared to the effects of excitation of both cholinergic and nitrergic nerves, the effects of repeated excitation of apamin-sensitive inhibitory nerves on slow waves were negligibly weak. The apamin-sensitive i.j.p.s are effective in interrupting slow waves, and hyperpolarization produced by i.j.p.s could inhibit muscle contractions in the fundus muscle of the guinea-pig stomach (Yoneda and Suzuki, 2001) . In the present experiments, TNS applied at 0.5-1 Hz frequency evoked an i.j.p. in response to each stimulus, and as the duration of individual i.j.p.s was less than 1 s, the resting membrane potential was maintained during TNS. Thus, the small change in the amplitude of slow waves during TNS was mainly due to the absence of a significant change in the membrane potential. It is concluded that in the corpus smooth muscle of the guinea-pig stomach, TNS applied for a period of time with low frequency could produce cholinergic excitation and nitrergic inhibition of slow waves, but only of the amplitude, as the frequency of slow waves is hardly modulated by excitation of these nerves. The increased frequency of slow waves can be produced by cholinergic excitation, only when it is accompanied by membrane depolarization. Sustained excitation of apamin-sensitive inhibitory nerves at 0.5-1 Hz frequency is insufficient to modulate slow waves.
